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5,322,812 
1. 

IMPROVED METHOD OF FABRICATING 
ANTIFUSES IN AN INTEGRATED CIRCUIT 
DEVICE AND RESULTENG STRUCTURE 

This patent application is a continuation-in-part of 
U.S. Pat. No. 07/672,501, filed Mar. 20, 1991, now 
abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the fabrica 
tion of integrated circuit devices and, more particularly, 
to the fabrication of antifuses in integrated circuits. 

Antifuses are elements which are located between 
two conducting lines in an integrated circuit. The an 
tifuse has a very high resistance (to form essentially an 
open circuit) in an unprogrammed ("off") state to keep 
the two conducting lines electrically separated. In a 
programmed ("on') state, the antifuse has a low resis 
tance (to form essentially a closed circuit) to electrically 
connect the two conducting lines. 

Ideally antifuses should have a low parasitic capaci 
tance in the unprogrammed state and should occupy 
minimal layout area, with very short programming 
times, and should require programming voltages which 
are not so high as to require additional process complex 
ity to accommodate the high programming voltages. In 
the programmed state the antifuse should, of course, 
have as low a resistance as possible. 
One antifuse which has many of these advantages is 

disclosed in U.S. Pat. No. 4,442,507 and 4,796,074, is 
sued to B. Roesner on Apr. 10, 1984 and Jun. 3, 1989 
respectively. This antifuse is formed between a silicon 
layer, either a doped region in the semiconductor sub 
strate of an integrated circuit or a doped polysilicon 
layer, and a metal conducting layer above. 
The present invention substantially improves many of 

the processing steps or solves many of the deficiencies 
in the steps used in fabricating the disclosed present 
antifuse. 

SUMMARY OF THE INVENTION 

The present invention provides for many improve 
ments to a generalized method of fabricating antifuses 
between a silicon layer and a metal layer in an inte 
grated circuit. In the deposition of an amorphous silicon 
layer, for example, the present invention provides for 
the deposition to be performed in a low-pressure, essen 
tially nitrogen-free atmosphere. 
These improvements also include the replacement of 

platinum, which is very expensive, used to form a bar 
rier layer in the generalized method and the resulting 
antifuse and contact structures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A-1H are cross-sectional diagrams illustrative 
of the general steps used in manufacturing the prior art 
antifuse noted above. 

FIGS. 2A-2E illustrate a set of process steps which 
eliminates platinum from the process illustrated in Figs. 
1A-1H. 
FIGS. 3A-3G illustrate another set of process steps 

which eliminates platinum from the process illustrated 
in Figs. 1A-1H. 
FIGS. 4A-4G show still another set of process steps 

which eliminates platinum from the process. 
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DETAILED DESCRIPTION OF SPECIFIC 

EMBODIMENTS 

Figs. 1A-1H illustrate the general steps used in fabri 
cating the antifuse disclosed in the patents above. While 
of some of the steps are not necessarily described in the 
patents noted above, the steps described are gleaned 
from a reading of the patents and reflect standard, pres 
ent day engineering practices to those skilled in the 
semiconductor processing field. 
The fabrication steps discussed herein are directed to 

only part of a complete process for manufacturing an 
integrated circuit. The antifuses are formed in the 
contact holes, the openings in the silicon dioxide layer 
to the underlying silicon layer, which may be doped 
regions in the semiconductor substrate itself, or doped 
regions of an epitaxial silicon layer on the substrate, or 
a doped polysilicon layer over the substrate. Thus many 
of the steps which are used in the manufacture of inte 
grated circuits, such as the formation of doped regions 
in the semiconductor substrate near the beginning of a 
process, or the final metal layer and glass passivation 
layer depositions near the end of a process, for example, 
are not discussed. 

In FIG. A the silicon layer 10 is covered by an 
insulating layer 11 of silicon dioxide through which 
contact holes are to be formed. The layer 11 is relatively 
thick in the range of 5000 to 15000 Angstroms. The 
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silicon dioxide layer 11 is formed from a deposited ox 
ide, such as borophosphosilicate glass (BPSG). 
To form contact holes in the dioxide layer 11, a pho 

toresist layer 12 is deposited over the layer 11. By stan 
dard photolithographic process, apertures 13 are 
formed in the photoresist layer 12, The apertures 13 in 
the photoresist layer 12 act as a mask in an etching step 
of the underlying silicon dioxide layer 11. The apertures 
14 formed by the etching step in the layer 11 are the 
contact holes through which, in a typical semiconduc 
tor process, a deposited conducting layer makes contact 
to the silicon layer 10. The photoresist layer 12 is then 
removed. This point in the process is shown in FIG. 1B. 

In one or more of the contact holes 14 antifuses are to 
be formed. A layer 15 of platinum, a noble metal, is 
deposited over the dioxide layer 11 and into the contact 
holes 14. Before the platinum is deposited, however, 
two steps are performed. First, the surface of the silicon 
layer 10 in the holes 14 is cleaned by a HF dip to re 
move native oxide. Then some of the silicon layer is 
etched by a deslag process to clean the silicon surface. 
These steps ensure the integrity of the interface between 
the silicon of the layer 10 and the platinum layer 15. 
The platinum layer 15 is deposited by sputtering. 

Then the processing temperature is elevated to 450 to 
700 C. so that the platinum reacts with the underlying 
silicon 10 to form platinum silicide layers 16 in the holes 
14 at the platinum-silicon interface as illustrated in FIG. 
C. 
Aqua regia is then used to remove the unreacted 

portions of the platinum layer 15. As is known to those 
in the semiconductor process field, aqua regia selec 
tively etches platinum, but not the platinum silicide 
compound. At this point the holes 14 have a platinum 
silicide layer 16 at their bottoms as shown in FIG. 1D. 
Then a HF dip is performed to remove the surface oxide 
grown on the platinum silicide during the reaction cy 
cle. Then a layer 17 of amorphous silicon is deposited. 
The result is shown in FIG. 1E. 
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To define the locations where antifuses are to be 
placed, rather than standard contacts, a antifuse mask 
layer 18 of photoresist is deposited. By photolithoraphic 
techniques, portions of the layer 18 are left over contact 
holes 14 where antifuses are to be formed. A silicon etch 
step is performed and the thin amorphous silicon layer 
17 in the unmasked contact holes 14 and on most of 
silicon dioxide layer 11 is removed. Thus, an antifuse 
contact is formed as shown in FIG.1F. The photoresist 
layer 18 is then removed before subsequent processing. 

Before metal is deposited, a sputter etching step is 
performed to clean the surface of the remaining portion 
of the amorphous silicon layer 17. 
Then two metal layer deposition steps follow as 

shown in FIG. 1G. First, a layer 19 of titanium-tungsten 
(TiW) alloy is deposited. Over the layer 19, a layer 20 of 
aluminum alloy is then deposited. The TiW layer 19 
acts as a barrier layer to prevent the aluminum layer 20 
from reacting with the amorphous silicon layer 17. This 
dual metal layer structure forms the metal layer for the 
conducting line which is defined after photolitho 
graphic and etching steps as shown in FIG. 1H. 
The dual metal layers on the right of the figure are 

representative of a metal conducting line in contact 
with a second conducting line below, the silicon layer 
10. On the left, the dual metal conducting line is located 
above the second conducting line below with an an 
tifuse between. Left unprogrammed, the amorphous 
silicon layer 17 electrically isolates the two conducting 
lines. When subjected to a large voltage difference be 
tween the two conducting lines, the layer 17 programs 
and the two lines are connected. The antifuse is pro 
grammed. 
The present invention offers many improvements to 

the general process steps described above. In the step of 
etching the contact holes 14 described with respect to 
Figs. 1A and 1B, it has been found that the sidewalls of 
the contact holed 14 must be as vertical as possible. The 
verticality of the sidewalls ensures that in the following 
sputter etching step performed before the platinum 
layer 15 is deposited, silicon dioxide of the layer 11 are 
not resputtered from the sidewalls to contaminate the 
surface of the silicon layer 10. To obtain vertical side 
walls, the contact holes 14 are reactive ion-etched in a 
low pressure atmosphere, which also helps clean the 
surface of the silicon layer 10. 

In the sputter etching step which is also used to clean 
the surface of the silicon layer 10 must prior to the 
deposition of platinum, typically less than 100 Ang 
stroms of silicon dioxide is removed. This small removal 
of silicon dioxide optimizes the later formation of the 
platinum silicide and lowers contact resistance. 

For the reaction of the platinum with silicon, nor 
mally pure nitrogen gas is used as a reaction atmo 
sphere. However, it has been found that a gas mixture of 
nitrogen and hydrogen for the reaction atmosphere is 
more effective because the reducing atmosphere during 
the reaction results in less oxygen incorporation in the 
silicide. An additional improvement is that at the end of 
the platinum reaction step, the heated wafers are ex 
posed to an oxygen atmosphere to grow native oxide on 
the top surface of silicide thereby protecting the plati 
num silicide from aqua regia in the following step to 
remove the unreacted platinum. 
An enhancement to the platinum removal step itself is 

to add 50% water to the aqua regia. This addition in 
creases the selectivity of the aqua regia for the unre 
acted platinum in contrast to the platinum silicide. 
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4. 
In the cleaning step before the reposition of the amor 

phous silicon layer 17, dilute hydrogen fluoride (HF) is 
used to remove any unwanted oxide on the surface of 
the platinum silicide layer 16. This cleaning process 
improves the electrical characteristics of the antifuse 
and gives a much tighter statistical distribution of the 
programming voltages of the antifuses. 

In the chemical vapor deposition step of the amor 
phous silicon layer 17, a very low pressure process has 
been found to be desirable. Prior to the actual deposi 
tion of the silicon, the deposition chamber is evaluated 
to a base pressure of less than 20 millitorr several times. 
Each evacuation is followed by a purge of nitrogen or 
argon gas. These evacuations and purges ensure the 
removal of any residual oxygen in the deposition cham 
ber thus eliminating the formation of any oxide interface 
on the surface of the platinum silicide layers 16 during 
initial deposition of amorphous silicon. 
The deposition of the amorphous silicon is performed 

in a process chamber with very slow leak rate of 2 or 
less millitorr per minute. This prevents unwanted gases 
from leaking back during the deposition and changing 
the properties of amorphous silicon layer. This very 
slow leak rate is important since the deposition is car 
ried out in the chamber at less than the atmospheric 
pressure. Temperature is kept low, approximately 540 
C., to prevent the spurious nucleation of amorphous 
silicon which adversely affects.The programming volt 
age of the antifuse and, ultimately, the semiconductor 
production yield of the integrated circuits. An addi 
tional improvement is to eliminate nitrogen during the 
amorphous silicon deposition, which was heretofore 
used in previous amorphous silicon deposition pro 
cesses, from the process chamber. It has been found that 
the gas encourages the formation of silicon nitride in the 
deposited amorphous silicon layer 17 and silicon nitride 
has been found to degrade the electrical performance of 
the completed antifuse. 

Besides the low-pressure chemical vapor deposition 
(LPCVD) process described above, plasma-enhanced 
chemical vapor deposition (PECVD) may be used to 
deposit the amorphous silicon layer 17. With PECVD, 
much better control may be achieved over the deposi 
tion process of the amorphous silicon. Very good re 
sults have been obtained by introducing a mixture of 
argon and 5-10% silane into the process chamber. Flow 
rates of 4000 sccm (standard cubic centimeters permin 
ute) for argon and 200-400 sccm for silane are used. The 
process is run with temperatures in the range of 
300-400° C. and pressures from 2-6 Torr. Optimum 
power ranges have been found to depend upon the 
particular reactor. With a Concept 1 reactor from 
Novellus Systems of San Jose, Calif., power from 
400-800 Watts are optimum. 
Another enhancement can be made to the etching 

step which removes the amorphous silicon layer 17 
from those contact holes 14 which are not to contain 
antifuses. The etch step is done in a fluorine-based 
chemistry, such as SF6, NF3 or CF4, which by its selec 
tivity towards silicon, preserves the integrity of the 
platinum silicide layers 16. 

Furthermore, the sputter etching step which is per 
formed just before the deposition of the TiW layer 19 
should be kept at a minimum. In cleaning the surface of 
the remaining portions of the amorphous silicon layer 
17 of any residue, this etch removes some amorphous 
silicon material. The etch undesirably increases the 
statistical distribution of the electrical parameters of the 
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completed antifuse. Thus it is desirable that the equiva 
lent of less than 50 Angstroms of silicon dioxide be 
removed in this step. 
The present invention also provides an alternative to 

the use of platinum in the described process. Platinum is 
an expensive material. In material costs alone, platinum 
adds approximately $45 for each 6-inch wafer for the 
process above. It is desirable that use of the material be 
avoided if possible. 
The present invention offers some alternatives to the 

creation of the platinum silicide layers 16, which, it 
should be noted, serve several useful functions. Each 
region 16 provides a lower contact resistance for the 
TiW layer 19 to the underlying conducting silicon layer 
10 whether as a standard contact or a programmed 
antifuse. In the contact holes 14 where a standard 
contact is to be made, the region 16 also acts as an etch 
stop. Without the region 16, the surface of the silicon 
layer 10 is gouged without special attention during any 
etching step. Gouging of the silicon layer 10 adversely 
affects the contact resistance between the TiW layer 19 
and the silicon layer 10. Furthermore, in the contact 
holes 14 where antifuses are to be formed, region 16 acts 
as a barrier against the diffusion of any dopants from the 
silicon layer 10 to the amorphous silicon layer 17. Such 
doping of the amorphous silicon layer 17 has been found 
to degrade the electrical performance of the antifuse. 
FIGS. 2A-2E illustrate alternative process s which 

may be used to create antifuses (and standard contacts) 
without platinum. Starting from the creation of the 
contact holes 14 as illustrated in FIG. 1B, a contact 
metal layer 21 of titanium is deposited over the wafers. 
A barrier metal layer 22 of titanium nitride compound is 
then deposited. The result is show in FIG. 2A. Alterna 
tively, a contact metal layer 21 of Ti with a barrier 
metal layer 22 of TiV may be used, or, a single layer of 
TiW may be used for both layers 21 and 22. 
A rapid thermal anneal step may then be used. The 

wafers are heated to a temperature of 500-800° C. for 
10-60 seconds by flash lamps. This step helps reduce the 
contact resistance and improves the barrier properties 
of the layers 21 and 22 against the dopant diffusion from 
the silicon layer 10 to the amorphous silicon layer de 
scribed below. 
The Ti and TiN layers 21 and 22 are masked with a 

barrier layer photoresist mask 23 to define an area 
which is slightly larger than the contact hole 14 as 
shown in FIG. 2B. This oversizing ensures that the 
layers 21 and 22 cover all contact holes 14 completely. 
Then, as described previously, a thin layer 27 of 

amorphous silicon is deposited, followed by a layer of 
photoresist 24. The layer 24 is defined by standard pho 
tolithographic processes and etching by an antifuse 
mask which defines the amorphous silicon layer 27 to be 
slightly oversized so as to overlap around the layers 21 
and 22. As shown in FIG. 2C, the defined photoresist 
layer 24 acts as a mask over a contact hole in which an 
antifuse is to be fabricated. The amorphous silicon layer 
27 is etched away by an etchant of SF6, NF3 or CF4. 
The layer 27 remains only in the contact holes 14 where 
antifuses are to be located. 
Then the steps follow the process described previ 

ously. A layer 29 of TiW is deposited, followed by a 
layer 30 of aluminum alloy, as shown in FIG. 2D. Then 
the dual-layer conducting line is defined. The resulting 
antifuse and contact structures are shown in FIG. 2E. 
Another embodiment of the present invention to 

replace platinum is illustrated in FIGS. 3A-3F. As 
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6 
shown in FIG. 3A, the process starts with the formation 
of the contact holes 14 in the insulating layer 11. Some 
of the holes 14 are used for standard contacts and others 
are used for the antifuses. As in the previous drawings, 
the contact hole of the right represents the standard 
contact and the one on the left represents the those used 
for the antifuses. 

Next, with the insulating layer 11 being borophos 
phosilicate glass (BPSG), which is a form of silicon 
dioxide, an oxidizing step is used to reflow the insulat 
ing layer 11. This step, illustrated in FIG. 3B, rounds 
the sharp edges of the layer 11 and grows an oxide layer 
31 over the exposed silicon in the contact holes. Typi 
cally the oxide layer 31 is grown to a thickness of a few 
hundred Angstroms, with 200 Angstrons being opti 
mal. Of course, if the insulating layer 11 is formed from 
other deposited oxide, such as phosphosilicate glass, this 
step is used to grow the oxide layers 31 without edge 
rounding. 
A photoresist layer 34 is then deposited over the 

substrate 10 and the insulating layer 11. By standard 
photolithography and etching methods, the layer 11 is 
defined so that the contact holes for the antifuses are 
exposed and the contact holes for the standard contacts 
are covered. By a HF dip etching step, the thin oxide 
layer 31 is removed from the contact holes for the an 
tifuse to expose the silicon. This is shown in FIG. 3C. 
The photoresist layer 34 is then stripped and a layer 

32 of titanium from 300-1000 Angstroms thick is sput 
tered over the substrate 10 and the oxide layer 11, as 
illustrated in FIG. 3D. Other refractory metals, such as 
tantalun, tungsten, molybdenum and cobalt, may be 
substituted for titanium. 
The wafer is then heated to a temperature of approxi 

mately 600-750 degrees Centigrade for 10-60 seconds 
in a rapid thermal anneal system for a reaction at the 
titanium-silicon interface. Alternatively this heating can 
be carried in a furnace tube. A titanium silicide layer 36 
is formed in the contact hole where an antifuse is to be 
formed. 
The unreacted titanium from the layer 32 is then 

stripped off with either a mixture of ammonium hydrox 
ide and hydrogen peroxide (NH4OH--H2O2)) or sulfu 
ric acid and hydrogen peroxide (H2SO4--H2O2). After 
the unreacted titanium is removed, the wafer is heated 
once again to a temperature of approximately 750-900 
degrees Centigrade to ensure that all of the titanium in 
the layer 36 has completely reacted with the silicon to 
form TiSi2. 
Then, as described previously, a thin layer 37 of 

amorphous silicon, approximately 800 Angstroms thick, 
is deposited. After a photoresist layer 35 is deposited, an 
antifuse mask having an overlap with the contact hole 
mask defines portions of the silicon layer 37 to com 
pletely cover the antifuse contact holes. By an etching 
step, the amorphous silicon layer 37 is removed over the 
standard contact holes. The oxide layer 31 in these holes 
acts as an etch stop and prevents etching into the silicon 
layer 10. The portion of the amorphous silicon layer 37 
covering the antifuse contact holes is left. The result is 
shown in FIG. 3E. 
With a HF dip, the oxide layer 31 is removed. Then 

the photoresist layer 35 is stripped off. As described 
previously, a layer 39 of Tiw is sputtered on, followed 
by a layer 40 of aluminum alloy which is also sputtered 
on. The results are illustrated in FIG. 3F. 

Finally, the dual metal layers 39 and 40 are defined 
into a conducting line by photolithography and etching. 
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The completed antifuse and standard contact structures 
are shown in FIG, 3G. 

Figs. 4A-4G illustrate the manufacturing steps of a 
another embodiment of the present invention. In this 
embodiment, an antifuse structure is formed between a 
polysilicon layer covered by a metal silicide layer 
(which is often termed a polycide structure or layer) 
and a conducting metal layer above. At the same time, 
this embodiment allows standard contacts to be made 
between the polycide layer and the metal layer, and 
between the metal layer and the underlying substrate. 
As shown in FIG. 4A, a thick field oxide layer 51 is 

formed on a portions of a semiconductor substrate 50. 
On the insulating layer 51, a polysilicon layer 60 is 
deposited and followed by a metal silicide layer 66 
formed by tungsten silicide. The layer 66 is created by 
chemical vapor or sputter deposition techniques. The 
layer 66 could also be formed by depositing a metal and 
reacting it with the underlying polysilicon layer 60 at 
high temperatures. Besides tungsten, typical examples 
of metals to form the metal silicide layer 66 include 
cobalt, titanium, molybdenum and tantalum. 
Then, a second insulating layer 61 of borophos 

phosilicate glass (BPSG) is deposited over the substrate 
50 and the layer 51. The BPSG layer 61, which is rela 
tively thick, from 5000 to 15000 A, is then subjected to 
a densification step by heating. Then by masking and 
etching, holes are formed in the layer 61. As shown in 
FIG. 4B, three representative holes 64A, 64B and 64C 
are formed. An antifuse structure is to be formed in the 
hole 64A, a standard contact in the hole 64B between 
the polycide layer and a metal layer yet to be formed, 
and a standard contact in the hole 64C between the 
metal layer and the substrate 50. 
By a contact reflow and oxidation step, the edges of 

the BPSG layer 61 at the holes are rounded and, at the 
same time, a thin oxide layer 71 is formed in the holes 
64A, 64B and 64C. Typically, this layer 71 has a thick 
ness of a few hundred A with 200 A considered opti 
mum. As shown in FIG. 4D, the substrate 50 is then 
covered by a thick layer of photoresist 74 and by a 
reverse antifuse mask the hole 64A is exposed. By a HF 
dip step, the layer 71 in the hole 64A is removed. This 
is shown in FIG. 4D. 
The photoresist layer 74 is then removed and a layer 

67 of amorphous silicon is then deposited over the sec 
ond insulating layer 61 and into the holes 64A, 64B and 
64C. With the antifuse mask, the layer 67 is defined to 
cover only the hole 64A in contact with the tungsten 
silicide layer 66, as shown in FIG. 4E. In the etching 
step to define the amorphous silicon layer 67, the thin 
oxide layer 71 in the holes 64B and 64C respectively 
protect the tungstensilicide layer 66 in the hole 64B and 
the substrate 50 in the hole 64C. If the protecting oxide 
layer 71 were not available, the etching step for the 
amorphous silicon layer 67, which forms the antifuse 
material, would undesirably damage the substrate 50 
since both the layer 67 and substrate 50 are silicon. 
The oxide layers 71 in the holes 64B and 64C are then 

removed by a quick silicon dioxide etching step by 
dipping the wafer in a HF solution. This is followed by 
a blanket deposition of a barrier metal layer 68 formed 
by titanium-tungsten, titanium nitride, or combined 
layers of titanium and titanium nitride. A deposition of 
aluminum alloy to form a layer 69 follows. This is 
shown in FIG. 4F. 

Finally, the barrier metal layer 68 and the aluminum 
alloy layer 69 are etched away to define the metal con 
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8 
ducting line formed by the remaining portions of the 
layers 68 and 69. This structure is shown in FIG. 4G. 
As described above, the amorphous silicon layer 67 

lies between the first conducting line formed by the 
polysilicon layer 60 and tungsten silicide layer 66, and 
the metal conducting line, formed by the barrier metal 
layer 68 and the aluminum alloy layer 69. This is the 
antifuse structure. In what was formerly hole 64B is a 
standard contact between the metal conducting line and 
the polycide line. Similarly, in what was hole 64C is a 
standard contact between metal conducting line formed 
by the layers 68 and 69 to the substrate 50. 
While the above is a complete description of the 

preferred embodiments of the invention, various alter 
natives, modifications and equivalents may be used. It 
should be evident that the present invention is equally 
applicable by making appropriate modifications to the 
embodiments described above. Therefore, the above 
description should not be taken as limiting the scope of 
the invention which is defined by the appended claims. 
What is claimed is: 
1. A method of fabricating antifuses and standard 

contacts in an integrated circuit, comprising 
forming first silicon dioxide layer on a semiconductor 

substrate; 
forming a polysilicon layer over said first silicon 

dioxide layer; 
forming a metal silicide layer over said polysilicon 

layer; 
defining said polysilicon layer and said metal silicide 

layer to form a first conducting line; 
depositing a second silicon dioxide layer over said 
semiconductor substrate and said first conducting 
line; 

forming contact holes in said second silicon dioxide 
layer to expose portions of said first conducting 
line; 

forming a third silicon dioxide layer in said contact 
holes; 

removing said third silicon dioxide layer in said 
contact holes where antifuses are to be located; 

depositing an amorphous silicon layer; 
defining said amorphous silicon layer so that portions 

of said amorphous silicon layer cover said contact 
holes where antifuses are to be located; 

removing said third silicon dioxide layer in said 
contact holes where standard contacts are to be 
formed; 

depositing a barrier metal layer; 
depositing an aluminum alloy layer; and 
defining said barrier metal and aluminum alloy layers 

to form a second conducting line; 
whereby antifuses are formed in said contact holes 

covered by said amorphous silicon layer portions 
and standard contacts are formed in said contact 
holes not covered by said amorphous silicon layer 
portions. 

2. The method of claim 1 wherein said metal silicide 
layer comprises a metal from the group consisting of 
cobalt, titanium, tugngsten, molybdenum and tantalum. 

3. The method of claim 2 wherein said metal silicide 
layer comprises tungsten silicide. 

4. The method of claim 1 wherein said barrier metal 
layer comprises titanium from the group consisting of 
titanium-tungsten, titanium nitride, and a dual layer of 
titanium and titanium nitride. 

5. The method of claim 4 wherein said barrier metal 
layer comprises Tiw. 
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6. The method of claim 1 wherein said amorphous 
silicon layer depositing step is performed by low pres 
sure chemical vapor deposition at a temperature of 
approximately 540 degrees Centigrade. 

7. The method of claim 1 wherein said amorphous 
silicon layer depositing step is performed by plasma 
enhanced chemical vapor deposition at a temperature in 
the range of 300-400 C. 

8. The method of claim 7 wherein said amorphous 
silicon layer depositing step comprises running a mix 
ture of argon and 5-10% silane through a process cham 
ber. 

9. The method of claim 8 wherein said mixture run 
ning step comprises running argon at a flow rates of 
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4000 sccm and running silane at a flow rate of 200-400 
SCC 

10. The method of claim 7 wherein said amorphous 
silicon layer depositing step is performed by plasma 
enhanced chemical vapor deposition at a pressure in the 
range of 2-6 Torr. 

11. The method of claim 1 wherein said contact hole 
forming step includes forming contact holes in said 
second silicon dioxide layer to expose portions of said 
semiconductor substrate so that said second conducting 
line contacts said semiconductor substrate. 

12. The method of claim 1 wherein said third silicon 
dioxide layer is at about 200 Angstrons and greater. 

is 


